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REMARKS 

Claims 56 and 61 were pending. Claim 61 is amended herewith. Support for the 
amendment is found throughout the specification at, inter alia, page 14, lines 21-26. It is believed 
that the amendment adds no new matter. Claims 56 and 61 are pending, and no claim is allowed. 

Applicants gratefully acknowledge the rejoining of claim 56 with claim 61. 

Rejection under 35 U.S.C. § 102 (b) - Claim 61 

Claim 61 remains rejected under 35 U.S.C. § 102 (b) over Kleinerman 1989 and 
Kleinerman 1992 for reasons of record. Briefly, the Examiner continues to assert that the "method 
of the prior art comprises the same method steps as claimed in the instant invention" and that the 
"claimed method is anticipated because the method will inherently lead to the amelioration of 
mucositis." Applicants traverse this rejection. 

Applicants respectfully submit that the Kleinerman references fail to anticipate the 

claimed invention because each and every element is not present in the cited references. More 

particularly, the method of using MTP-PE to ameliorate mucositis is not inherent in the disclosure 

of the Kleinerman references because the claimed method does not necessarily flow from the 

teachings of these references. In order to establish inherency, the references must make clear that 

the missing descriptive matter, i.e., the use of MTP-PE to treat mucositis, is necessarily pros^nX in 

the thing described in the reference, and that it would be so recognized by persons of ordinary skill. 

See MPEP § 21 12 (IV) (citation omitted). Neither Kleinerman reference meets these criteria. 

A. The cited references and the knowledge provide no fact or technical reasoning 
that supports an assertion of inherency 

The Kleinerman references fail to provide a basis in fact or/or technical reasoning to 
reasonably support the determination that the allegedly inherent amelioration of mucositis through 
the administration of L-MTP-PE in subjects treated with an anti-neoplasia agent necessarily flows 
from its teachings of the applied prior art. 

First, the prior art teaches that MTP-PE has biological properties likely to exacerbate 
mucositis. It was already well-known in the art at the time of filing that MTP-PE up-regulated the 
expression of inflammatory cytokines such as TNF-a and IL-1 in human monocytes. See e.g.. 
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Exhibit B at 1034. Inflammation mediated at least in part by TNF-a was known to be the first 
phase in mucositis. See Exhibit A (reviewing the current knowledge regarding the pathophysiology 
of mucositis).* Briefly, Sonis describes mucositis as a complex biological process which occurs in 
four phases: 1) an inflammatory/vascular phase, 2) an epithelial phase, 3) an 
ulcerative/bacteriological phase, and 4) a healing phase. See Exhibit A at 40. According to Sonis, 
TNF-a and IL-1 mediate the inflammatory/vascular phase of mucositis mediated in part by causing 
tissue damage and inciting an inflammatory response resulting in increased subepithelial 
vascularity, respectively. See id. 

Data reported in Kleinerman 1 992 provides only further support for a role in MTP-PE in 
inducing an inflammatory response that elicits mucositis. For example, three of the five cases 
(cases 1, 2, and 3) demonstrated increased vascularity in the tumor nodules after L-MTP-PE 
administration. Additionally, in four of five cases (cases 1, 2, 3, and 5), Kleinerman reports 
increased infiltration by chronic inflammatory cells in four of the five cases examined. See 
Kleinerman 1992 at 214-1 8. While these changes could be beneficial for their anti-tumor effects 
{see Kleinerman 1992 at 219), the same changes in mucosal epithelia are likely to worsen the 
inflammatory/vascular phase of mucositis given the art-recognized role of vascularity in mucositis 
pathology. Taken together, the cited references and the knowledge in the art suggests that the same 
effect of L-MTP-PE that aids in fighting tumors could, if seen in the mucosa, would actually 
exacerbate mucositis. 

Furthermore, the art also discloses MTP-PE as a proliferative stimulator of intestinal 
epithelial cells. See e.g., Killion et al. Cancer Biother, Radiopharmaecut. 11: 363, 370 (1996) 
(already of record). Stimulation of epithelial cell proliferation was believed to actually increase the 
susceptibility of these cells to the toxic effects of chemotherapy. See Exhibit C at 753-54. In point 
of fact, Sonis suggested the inhibition or reduction of the rate of mucosal proliferation as an 
effective approach to the prevent mucositis, citing studies where the administration of mitotic agents 
exacerbated mucositis when administered prior to receiving chemotherapy. See id, at 755. Again, 



* Applicants note that the publication of the Sonis coincides with the priority date of the instant application, and 
therefore is a reflection of the state of the art at the time of filing. 
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in view of such knowledge, a person of skill in the art would not recognize the use of MTP-PE to 
treat mucositis as inherent in the Kleinerman references. 

Therefore, the objective evidence fails provide a basis in fact or/or technical reasoning to 
support the Examiner's assertion of inherency, and in fact teaches away from the claimed methods. 
The Kleinerman references and the knowledge in the art lacks any disclosure that makes clear that 
the use of MTP-PE to treat mucositis is inherent in the cited disclosures. Indeed, a person of skill in 
the art would recognize only that MTP-PE would likely exacerbate mucositis, not ameliorate or 
prevent mucositis as in the claimed methods. 

B. A person of skill in the art would not recognize the use of MTP-PE to treat 
mucositis as a "missing element" in the Kleinerman references. 

The combination of an absence of any express disclosure in the Kleinerman references 

regarding the treatment of mucositis and the art-recognized role for inflammation in mucositis 

pathology fails to provide a credible basis to support an assertion that a person of skill in the art 

would recognize the Kleinerman references as teaching the use of MTP-PE to mucositis. To date, 

the Examiner has provided no objective evidence that a person of skill would recognize Kleinerman 

1989 as including each and every claim limitation of the instant methods. Applicants respectfully 

request that if the Examiner's rejection is based on facts within his personal knowledge, the 

Examiner will support this rejection with those facts in an affidavit by the Examiner according to 

MPEP § 2144.03. According to MPEP § 2144.03, 

When a rejection is based on facts within the personal knowledge of the 
examiner, the data should be stated as specifically as possible, and the facts 
must be supported, when called for by the applicant, by an affidavit from the 
examiner. 

C. Kleinerman 1989 fails to anticipate the instant methods 

Again, Applicants strongly disagree with the characterization of the teachings of the 
Kleinerman publication, in particular Kleinerman 1989. Kleinerman 1989 fails to teach or suggest 
mucositis as a target for MTP-PE treatment to one of ordinary skill in the art of cancer biology. 
Kleinerman 1989 simply discloses the in vitro cytotoxicity and cytokine production profile of 
peripheral monocytes in patients receiving MTP-PE. This is not sufficient to anticipate the instant 
method. Kleinerman neither expressly nor implicitly addresses the treatment of any side effect, or 
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mucositis in particular, resulting from a neoplastic agent. Moreover, Kleinerman lacks any 
indication that patients with mucositis were included in the patient cohort. In the absence of such 
disclosure, the current scientific knowledge in the art fails to support the assumption that the 
patients inherently have mucositis for reasons of record. See Response filed March 1, 2004. Thus, 
it cannot reasonably be considered inherent that such patients were included in the study. 

D. The instant claims are clearly distinguishable from Ex parte Novitski 
Because the element of MTP-PE as a treatment option for mucositis is missing from the 
Kleinerman references, Ex parte Novitski is readily distinguishable. For the reasons discussed 
above, L-MTP-PE's mucositis-ameliorating activity cannot be said to be inherently disclosed in the 
Kleinerman references or recognized in the art. In view of the knowledge in the art and the 
teachings of the Kleinerman references, a person of ordinary skill would recognize only that L- 
MTP-PE may exacerbate mucositis. It is not enough to allege that the prior art includes examples of 
L-MTP-PE activity that suggest L-MTP-PE's potential to ameliorate mucositis only in hindsight 
using the guidance provided by the instant specification, particularly when the art clearly teaches 
away from that the claimed use. Inherency may not be established by mere probabilities or 
possibilities. The mere fact that a certain thing may result from a given set of circumstances is 
simply not sufficient to establish inherency. See MPEP § 2112 (IV). Unless the relevant 
determination — ^that L-MTP-PE possesses mucositis-ameliorating properties — can be shovra to 
necessarily flow from the teachings of the prior art, inherency is not present, and Ex parte Novitski 
is inapplicable. 

In view of the above. Applicants submit the basis of the rejection may be removed. 

Rejection under 35 U.S.C. S 102 (b) - Claim 56 

Claim 56 is rejected under 35 U.S.C. § 102 (b) as being anticipated by Kleinerman et al., 
1 Clin. OncoL, 9:259-67 (1991). Citing Ex parte Novitski, the Examiner asserts that the "method of 
the prior art comprises the same method steps as claimed in the instant invention" and thus "the 
claimed method is anticipated because the method will inherently lead to the amelioration of 
mucositis in the subset of those patients that develop mucositis." Applicants traverse this rejection. 
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Kleinerman 1991 fails to anticipate the claimed invention because it lacks each and 
every element of the claimed methods. MPEP §§2131-2131.01. Kleinerman 1991 is merely an in 
vitro study and does not include any clinical data in human patients. Most importantly, Kleinerman 
1991 is completely silent regarding mucositis. Therefore, the Examiner must again rely on the 
inherency of the use of MTP-PE to treat mucositis. As with the Kleinerman references discussed 
above, there is no basis in fact or/or technical reasoning to reasonably support the determination that 
the allegedly inherent amelioration of mucositis through the administration of L-MTP-PE in 
subjects treated with an anti-neoplasia agent necessarily flows from its teachings of the Kleinerman 
1991 reference. 

For the reasons discussed above, a person of skill in the art would not recognize that MTP- 
PE as a treatment for mucositis. Moreover, in the complete absence of any discussion whatsoever 
of mucositis, a credible assertion cannot be made that the Kleinerman 1991 reference makes clear 
that the missing element of treatment with mucositis with MTP-PE necessarily flows from the 
disclosure in the cited reference. As discussed in early responses, mucositis is not inherently 
present in all patients. Thus, no objective evidence has yet been provided that a person of skill 
would recognize Kleinerman 1991 as including each and every claim limitation of the instant 
methods or that such a teaching necessarily flows from the Kleinerman 1991 reference. Applicants 
respectfully request that if the Examiner's rejection is based on facts within his personal knowledge, 
the Examiner will support this rejection with those facts in an affidavit by the Examiner according 
to MPEP § 2144.03. According to MPEP § 2144.03, 

When a rejection is based on facts within the personal knowledge of the 
examiner, the data should be stated as specifically as possible, and the facts 
must be supported, when called for by the applicant, by an affidavit from the 
examiner. 

In view of the above. Applicants submit the basis of the rejection may be removed. 
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CONCLUSION 



In view of the above, each of the presently pending claims in this application is believed 



to be in immediate condition for allowance. Accordingly, the Examiner is respectfully requested to 
withdraw the outstanding rejection of the claims and to pass this application to issue. If it is 
determined that a telephone conference would expedite the prosecution of this application, the 
Examiner is invited to telephone the undersigned at the number given below. 



other relief is required, applicant petitions for any required relief including extensions of time and 
authorizes the Commissioner to charge the cost of such petitions and/or other fees due in connection 
with the filing of this document to Deposit Account No. 03-1952 referencing docket no. 
204372000901 . However, the Commissioner is not authorized to charge the cost of the issue fee to 
the Deposit Account. 

Dated: August 18, 2004 Respectfully submitted. 



In the event the U.S. Patent and Trademark office determines that an extension and/or 
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Abstract 

Mucositis induced by antineoplastic drugs is an important, dose-limiting and costly side effect of cancer therapy. The ulcerative 
lesions which result are frequent systemic portals of entry for micn^organisms which inhabit the mouth and consequently are often 
sources of systemic infection in the myelosuppressed patient. A number of clinical observations and the inconsistency of responses 
to a broad range of treatment modalities suggests a physiological complexity to mucositis which has not previously been compre- 
hensively considered. We now propose a hypothesis as to the mechanism by which mucositis develops and resolves, which is based 
on four phases: an initial inflammatory/vascular phase; an epithelial phase; an ulccrative/baclcriologica] phase; and a healing phase. 
The role of cytokines as initiators and amplicre of the process is discussed, as is the potential influence of genetic factors in estab- 
lishing risk and modifying the course of stonialotoxicity, © 1998 Elsevier Science Ltd. All rights reserved. 



1. Introduction 

Mucositis induced by antineoplastic drugs is an 
important, dose-Urniting and costly side effect of cancer 
therapy. The ulcerative lesions produced by stomato- 
toxic chemotherapy are painful, restrict oral intake and, 
importantly, act as sites of secondary infection and 
portals of entry for the endogenous oral flora [I]. The 
overall frequency of mucositis varies and is influenced 
by the patient's diagnosis, age, level of oral health and 
the type, dose and frequency of dnig administration [2]. 
Some degree of mucositis occurs in approximately 40% 
of patients who receive cancer chemotherapy [2]. About 
one-half of those individuals develop lesions of such 
severity as to require modification of their cancer treat- 
ment and/or parenteral analgesia. The condition's inci- 
dence is consistently higher among patients undergoing 
conditioning therapy for bone marrow transplant, con- 
tinuous infusion therapy for breast and colon cancer 
and therapy for tumours of the head and neck. Among 
patients in high risk protocols, severe mucositis occurs 
with a frequency in excess of 60% [3-5]. 

As a consequence, it is not unusual for mucositis to 
necessitate a de-escalation of a planned dosing regimen. 
Because of the concomitant neutropenia which often 

1368-8375/98/519.00 CD 1998 Hlscvier Science Ltd. All rights reserved. 
Pll: S1368-8375(97)00053-5 



occurs secondary to chemotherapy-induced myelosup- 
pression, mucositis is a significant risk factor for sys- 
temic infection. Patients with mucositis aitd neutropenia 
have a relative risk of septicemia that is greater than 
four times that of individuals without mucositis [6]. 

In addition to its impact on quality of life and mor- 
bidity and mortality, mucositis also has a significant 
economic cost. For example, in patients undergoing 
autologous bone marrow transplant for haematological 
malignancies, the length of hospital stay among patients 
with mucositis is 5 days longer than patients witliout the 
condition [7]. At an average day rate of S4,50{) for this 
patient population, this results in additional charges of 
$22,500 per patient. 

A number of clinical observations suggest a physio- 
logical complexity in the development of mucositis. 
There is great variabihty in the stomatotoxicity of 
treatment regimens [8]. Patient age effects risk: younger 
patients develop mucositis more frequently than older 
patients receiving the same form of treatment for similar 
malignancies [2J. 

Once lesions develop, they heal more quickly in the 
younger population. Patient diagnosis atfects risk as 
patients with haematological malignancies are more 
hkely to develop lesions than are patients with solid 
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/ tumours f2], Coucomitant radiation significantly enhan- 
ces the stomatotoxic potential of chemotherapy. 
Patients who receive total body irradiation as part of a 
conditioning regimen for BMT develop mucositis of an 
intensity and frequency that exceeds patients who 
receive only chemotherapy [4,5], The status of the 
patient's oral health is a well-established modifier [9,t0]. 
Patients in good dental health who maintain scrupulous 
oral hygiene during cancer treatment lend to have fewer 
episodes of mucositis than do patients with poor oral 
health and maintenance. Finally, is the observation that 
patients of the same age, having the same tumour, 
receiving the same dose and form of chemotherapy and 
with equivalent oral status do not develop mucositis at 
the same frequency. 

The development of effective treatment or the pre- 
vention and elimination of mucositis has been elusive. 
More than 50 published studies exist which document 
clinical investigations aimed at the palliation, pre- 
vention or reduction of stomatotoxicity. The range of 
medications that have been used for a mucositis indica- 
tion is extensive and includes topical antimicrobials 
[1 1,12], niarrow-stimulating cytokines [13-16], vitamins 
[17], inflammatory' modifiers [18-21], palliative rinses 
[22], amino acid supplements [23], cryotherapy [24,25] 
and laser treatment [26], While a lack of a standardised 
assessment scale confounds interpretation of outcomes 
[8,27 29], the analysis of treatment modalities suggests 
an inconsistency of response that is often hard to 
reconcile relative to the mechanism by which mucositis 
occurs, Simiarly, results of animal studies in which dif- 
ferent cytokines and antimicrobials have been tested 
have also, at times, been puzzling. 

Analyses of mucositis has been largely based on 
observational data. While there have been suggestions 
as to the mechansims whereby mucositis develops, for 
the most part, the pathophysiology of the condition is 
undefined. Although diflferent potential therapeutic 
agents sometimes modified outcome, they did so in a 
way that was not always reproducible or consistent 
[30,31 J. We now propose a hypothesis as to the 
mechanisms by which mucositis develops and heals 
which is based on animal and clinical data, but is to 
some degree still speculative. 

Mucositis is a complex biological process which 
occurs in four phases (Fig. 1): 

1. inflammatory /vascular phase; 

2. epithelial phase; 

3. ulcerativc/bacteriological phase; 

4. healing phase. 

Each phase is interdependent and is the consequence 
of a series of actions mediated by cytokines, the direct 
eifeot of the chemotherapeutic drug on the epithelium, 
the oral bacterial flora and the status of the patienf s 
bone marrow. As demonstrated by observations in 



models of graft versus host disease, iiyury to host tissues 
elicited by radiation and/or chemotherapy is capable of 
causing the release of cytokines from the epitlielium and 
connective tissues [32,33]. Chemotherapy, in particular, 
affects the release of both interleukin-1 (IL-1) and 
tumour necrosis factor-alpha from the epithelium [34]. 
Tonising radiation, at doses which in themselves are not 
dii*ectly damaging to tissue, also causes the rclea.se of 
these cytokines from the epithelium and connective tis- 
sues [35]. Tumour necrosis factor is capable of causing 
tissue damage [36] and may be an accclemting and 
initialing event in the mucositis process. IL-1 incites an 
inflammatory response resulting in increased sub- 
epithelial vascularity [37j with a potential consequent 
increase in the local levels of cytotoxic agent 

It is likely that this response is relatively acute. Early 
sequential histological data obtained from mice treated 
with bleomycin or 5-fluorouracil {S-FU) demonstrate 
more cellularity of the subepithelial tissue, vascular 
dililation, and leukocyte margination only 24 h after 
drug administration [38]. The inflammatory/vascular 
response is probably not as specific to certain classes of 
chemotherapeutic agents as is the epithelial phase of 
therapy. In addition, the concomitant use of radiation 
and chemotherapy is likely to amplify and prolong the 
release of cytokines and thereby exacerbate tissue 
j'esponse. 

The epithelial phase is probably the best documented. 
Dividing cells of the oral mucosal epithelium are non- 
specifically affected by many antineoplastic agents [39]. 
It is apparent that not all cancer chemotherapeutic 
drugs are equally active in this role; those drugs which 
aflect DN A synthesis (the S phase of the cell cycle) seem 
to be the most efficient. 

Thus, antimetabolites, such as methotrexate, 5-FU 
and cytarabine, which are cell a cycle, phase specific 
agents affecting the S phase, are more stomatotoxic than 
are drugs which are cycle phase non-specific drugs. 
Support for the hypothesis that epithelial basal cell 
damage leads to mucositis comes from clinical imd 
experimental observations. Children, who typically have 
a higher proliferating fraction of basal cells arc three 
times more likely lo develop mucositis than are elderly 
adults in whom the basal cell proliferative rate has slo- 
wed [40]. The administration of epidermal growth factor 
to animals prior lo the administration of 5-FU mark- 
edly increases the incidence of mucositis, most likely by 
increasing the rate of basal cell proliferation and 
thereby sensitising the cells to the stomatotoxic effects 
of chemotherapy [41]. Finally, temporarily taking basal 
cells out of cycle with transfonning growth factor-p3 
appears to be stomatoprotective [42,43], as docs modi- 
fication of apoptotic ceil death [44J. 

The epithelial phase may be the most profound in 
terms of the production of ulcerative lesions. Reduced 
epithelial renewal results in atrophy and typically begins 
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Fig. 1. The four phases of mucositis. The times indicaled may vary slightly. Phase I . Inflammatocy/vascular phase. ShorUy after the administration 
of radibtioti or chemotherapy cyiolcincs arc released from the epithelial tissue. These include tumour ncaosis faclor-ci, inlerleul^n-l and perhaps, 
inLerlcukin-6. fonising radiation also mcites cytokine release from the adjaccm conaective tissue. It is likely that these cytokines cause local tissue 
damage as tlie initiating event in the development of mucositis. Ircrea.sed va^^culariry caused by ]L*t may result in additional coneentmttons of 
cytotoxic drug in ihe mucosa. Increased submucortal cctlularity is evident at this stage. Phase 2. Epithelial phase. Roth radiation and chemotherapy, 
especially with* drags effecting the S phase of the cell cycle, impact on the dividing cells of the oral basal epithelium, resulting in reduced epithelial 
renewal, atrophy and ulceration. The latter is most likely exacerbated by functional trauma and ampliJied by a flood of hKally produced cytokines. 
Phase 3. Ulcerative/bacteria) phase. The uloerulivc phase is the most symptomatic and perhaps the mosi complex. Localised areas of full-thickness 
ermions occur which often become covered by a fibrinous pseudomembninc. Secondary bacterial colonisation of the lesion occurs with a mixed 
flora » including many gram negative organi.stn.s, providing a source of endotoxin (lipopalysaccharidcs) which further stimulate cytokine release from 
connective tt.s$ue borne around the cells. I'hcse cytokines, plus nitric oxide, serve to intensify the patients condition.. Importantly, from the stand- 
point of ovci-aJI morbidity, the ulocratiw phase gtmerally occurs at the time of tiie patient's maximum neutropenia. Phase 4. Healing. The healing 
phase consists of a renewal of epithelial proliferation and dilVei'enttaliou, normalisation of the peripheral white blood cell count wnd re-cstablishment 
of the local microbial flora. 



about 4-5 days after drug administration. It is initially 
synchonous with the inflamniatory/vascu.Uir phase 
(G. Shklar, persona! communication). It is probable 
that the marked erythema noted in many chemotherapy 
recipients [45] represents a combination of increased 
vascularity and reduced epithelial thickness. In addi- 
tion, a flood of locally produced cytokines may amplify 
tissue destruction. Once the tissue becomes atrophic and 
its renewal is inhibited, functional trauma leads to 
ulceration. 

The ulcerative phase is the most symptomatic and 
perhaps the most biologically complex pbasc of muco- 
sitis> as it presents the opportunity for both intrinsic and 
extrinsic factors to interact. Additionally, it is the time 
at which mucositis has the greatest potential impact on 
the patient's well-being. By the time ulceration is clini- 
cally apparent, typically about 1 week after the admin- 
istration of the drug, early evidence of neutropenia is 
notable. 

The severity of neutropenia progresses to a nadir, 
usually 14 days after the initiation of therapy and about 
3 or 4 days after peak mucositis [46,47]. Bacterial colo- 
nisation of mucosal ulceration is a common finding 
leading to local secondary infection and, as previously 
noted, a microbiological rcscvoir for a systemic influx of 



organisms. Importantly, the oral flora of neutropenic 
patients differs from that of Lhc healthy population in 
that it is rich in gram negative organisms, in addition to 
typical alpha-haemolytic streptococci [48]. 

The result is a flow of endotoxin (lipopolysacchar- 
ides) into submucosal tissue where it is likely to interact 
with tissue-borne mononuclear cells to cause the release 
of additional TL-1 and TNF and the production of nitric 
oxide [49], all of which may play an amplifying role in 
the patient's local mucosal injury. 

It is important to note that it is quite possible that a 
role exists for transcription factors which modify the 
genetic expression of cytokines and enzymes which are 
critical in producing tissue damage [50], Such factors, 
such as NF-kappa B, increase the rate of gene trans- 
cription and thereby the rate of messenger RNA and 
protein production [51]. 

While environmental modification of transcription 
factor expression has been described, the impact of 
chemotherapy has yet to be investigated. In addition, it 
seems possible that genetic influences on inflammatory 
response might offer at least a partial explanation for 
the variance in patient response to antineoplastic therapy. 

The final phase of mucositis is that which is related to 
healing, and includes elements related to cell proliferation 
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and differentiation, normalisalion of peripheral blood 
white cells and control of the local bacterial flora. The 
rapidity witli which this phase proceeds affects the 
duration of the condition, but probably not peak inten- 
sity. Any factor which negatively impacts on wound 
healing will undoubtedly affect this pliase. 

The hypotlietical mechanism proposed here for 
mucositis development and healing attempts to corre- 
late a variety of clinical and laboratory findings into a 
comprehensive picture of the condition. It seems likely 
that additional detail will result as more research is done 
in this area. Importantly, this model offers a variety of 
therapeutic opportunities which could be directed at any 
of the four phases of the condition. With the increased 
use of aggressive chemotherapeutic regimens, the 
importance of mucositis as a limiting toxicity is escalat- 
ing, making its control an important priority in clinical 
oncology. 
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ABSTRACT 

Updsoma^ncapsulated muramyl tripeptide phosphatidyfetha- kinetics of cytokine expression stimulated by UMTP-PE were 

noiamine (H^^TP^PE) Is a new biologic agent presentty in dinical different from those seen after lipopoiysaccharide (LPS) stimu- 

trials for metastatic osleosiaircoma and firieianomet. The mecha- iation; Llpopolysa^x^harWe stinruilation caused a rapid increase in 

nism of L-MTP-PE antitiimoir activity is finked to its activation of cytokine expression fbliowfed by a r?pid decline:. L-f^ifrp-PE did 

monocyte tumori^dal ftjnctioh. The purpose of this study was not affect the e;cpresslbri of tliase cytokines in lymphopytBs, nw 

to d^ermine whetiw L-MTP-PE affected the ex|XT^ of did .L-Nint>-PE uF^eguiate IL-2 e)^^ 

cytokine genes in monocytes. Monocyte interf^ukin (IL)-Ibr, IL- . e^y up-regulatk>n of all five cytokines was due to an iridrease 

1 ft IL-6, IL?8 and ftjnidrnecrdsis factor (TNf^« «xpr^sion were In th0 transcripttohaf activity. Modffjcatk>n of mBNA stability v/as 

all up-regulated after a 2'h incubation with L^MTP-PE; The hot detected at 2 h but was s^en. Sftiar a 24-h exjjosura to L- 

lhaneased ej^pres^on of IL-1a. IL-1j5. IL-6 and ilrB persisted up f^-PE, Thd subsequent productfon and secretion of these 

to 72 h. increased TNF-a expression dedihed by 24 h/ The cytokine proteins may plfiiy a r<^e in L-PkOP-PE antitumor ac^tfvity. 



MTP-PE is a synthesized lipophilic analog of muramyl di- 
peptide> the amallest component of the mycobacteTium capable 
of atimulating the immune system (Schroit and Fidler, 1982). 
MTP-PE has potent monocyte/macrophage-activating prop- 
erties (Kleinerman et aL, 1983a). L-MTP-PE was specifically 
designed for in vivo targeting to macrophages by intravenous 
infusion and is the only form of the drug currently available 
for clinical trials (CGP 19835A Lipid). 

The in vivo administration of L-MTP-PE in mice with B16 
melanoma metastases resulted in the activation of alveolar 
macrophages to the tumoricidal state and in tumor regression 
of lung and lymph node metastases {Fidler eC <U., 1981; Poste 
et aLt 1982). L-MTP-PE efficacy against canine osteosarcoma 
has also been demonstrated (MacEwene^ al, 1989). Because of 
its success in preclinical animal studies with melanoma and 
osteosarcoma, phase I and II trials using L-MTP-PE are now 
under way in patients with these malignancies (PujimaH et aL, 
1993b; Kleinerman et at, 1989, 1992a,b; Liebes et oL, 1992; 
Murray et at, 1989; Urba et ai, 1990). We have reported 
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elevations in plasma TNF, lL-6 and IL-1 after L-MTP-PE 
administration (Kleinerman et al^ 1992a; Murray et cd,^ 1989). 
We have further demonstrated that monocytes produce and 
secrete TNF and IL-l after exposure to L-MTP-PE (Maeda et 
ot, 1991), We now demonstrate that L-MTP-PE up-regulates 
IL-la, IL-1^, TNFa, IL-6 and lL-8 mRNA expression in pe- 
ripheral blood monocytes at a transcriptional level. L-MTP- 
PE had no effect on the expression of these cytokines in 
lymphocytes. 

Materials and Methods 

Reagents ajnd drugs, Roswell Park Memorial Institute medium 
1640. Hanks' balanced salt solution without Ca""* or Mg^, fetal bovine 
serum and L-glutamine were purchased from Whittaker Bioproducts, 
lac. (Walkeraville, MD). Loonphocyte separation medium was pur- 
chased from Organon Teknika (Durham^ NC). A!I agents were free of 
endotoxin, as determined by the Limulus amebocyte lysate assay (sen- 
sitivity limit, 0.025 ng/ml). Salmonella typhosa LPS was purchased 
from Sigma Chemicals Co. (St Louis, MO). L-MTP-PE and free MTP- 
PE. supplied by Ciba-Geigy, Ltd. (Summit, NJ), were prepared as 
previously described (Fujimaki et aL, 1993a; Maeda et oL, L991). 
L-MTP-PE (500 nM) is equivalent' to 1.67 Mg/ml. 

Molecular probes. The cDNA probes for human IL-la. a 460-bp 



Abbreviations: MTP-PE, muramyl tripeptide phosphalfdylethanolamine; L-MTP-PE, liposome MTP-PE; TNF, tumor necrosis factor; IL. interteukln; 
LPS, lipopoiysaccharide; bp, base pairs; GM-CSF. granulocyte-macrophage colony-stimulating factor; GAPDH. g(yceraldohyds-3-phosphate- 
dehydrogenase SSC, sodium chtorlde/sodlum pl ci trate; SDS, sodium dodecyi sulfate . 
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EcoRl-BwtHl insert and human IL-lft a 530-bp BamHl-Nde I inaert, 
were obtained firom Dr Gubler (Hoffman-La Roche. Inc., Nutley, 
NJ). The human TNF-a cDNA» an 800-bp ^coRI-JScoRI fragment, was 
obtained firom Genentech, Inc. (South San Francisco, CA). Human IL- 
2 probe waa a lOOO-bp PsthPstl insert Human IL-8 probe was a 500- 
bp EcoBJ-Bcom insert Human GM-CSF cDNA, a 200-bp EcoRl-Bgl 
II insert, was kindly provided by Dr. R Kursrock (M. D. Anderson 
(dancer Center, Houston, TX). Human IL-6 RNA probe was made by 
cuUtngapGembl-basedplasm(dwithf/(>2dIII (1200bpcDNA) and was 
obtained from Dr. S. Gillis (Immunex' Research and Development 
Corporation, Seattle, WA). Chicken /?-actin cDNA was a 1800-bp Pstl- 
PstJ insert Rat glyceraIdehyde*3-phosphate-dehydiogenaae (GAPDH) 
cDNA was a 1300-bp Pstl-Pstl Insert 

Purl^atlon of normal humain monocytea, lymphocytes and 
mononaclear leukocyte^ • Mondnuctear leukocytes w^re separated 
by density gradient centriftigation using lymphocyte separation me- 
dium from normal htunan bu% coats asr previously described (Figimaki 
et fll, 1993a; Maeda et a£, 1991). The mononuctkr leukocytes were 
then fractionated by elutriation in a Bockman J 6 M (Beckman Instru- 
ments, Inc., j^lerton, CA) to purify the monocyte and lymphocyte 
fractions (Bakoucbe ist al, 1987). The purity of the elutriated monocyte 
and lymphocyte fractions was >95% as contirmiedby Diff-Quik staining 
(American Scientific Products, McGaw Park, IL) end ^tiompe^c es- 
terase stain. The purified monocytes,. lymphocytes and. in some cases 
. the uriftactianated mpnonu^ear l^ufcoQ^tes wfere cultured xjn Roswell 
Park Memorial Institute medium 1640 medium supplemented fay b% 
fetal bovine Bewm,. l%;i«;filatamin€i • 

RNA extraction and Nortiiarn blot analyds. Because Adherence 
has been previojusiy shovm to jiqpregulate n>l, TOF, IL-6/and IL-8 
espreesibn, the . purified m6noc>'tes^ lymphocytes and mononuclear 
leukocytes were incubatpd in Falcoii 2006 polypropylene tubes (Becton 
Dickinson jLabwarc, Lincoln Park, NJ) at 6 x 10® cells at 37*0 (Don- 
nelly qL, 1991), For RNA eitractidn. a total of 25 X 10® cells, were 
incubated with culture medium in the presence ot absence of L-MTP- 
PE, free MTP-PE or LPS, Total RNA was prepared by the acid 
guantdine iaothiocyanate-phenol-chloroform extraction method as pre- 
viously described (Piyimaki et oL, 1993a; Maeda et al,, 1991), After 
quantitation by spectrophotometry, equivalent amounts of RNA (20 
Ak/lane|were size fractiipnated by electrophoresis \n 0.1% agarose gels 
(Bethesda Research Laboratories, Life Technologies Inc.. Gaitheiis- 
burg, MD) containing 6.6% formaldehyde (Sigma). RNA was then 
blotted by overnight capillaiy transfer onto nylon transfer membranes 
(Microii Separations, Inc;, Westboro, MA). The membranes were UV 
cross-liiiked, prehybridiaed and then probed with the ^^-labded hu- 
man IL- la, IL-IA TNFa, IL-8. GM-CSF, IL-2, chicken /?-actin. and 
rat GAPDH cDNA probes. The membranes were washed with a 0.1 x 
SSC, 0.1% SDB. solution three times. **P-labeled probes were produced 
using a random hexamer labeling kit from Amersham (Arlington 
Heights, IL). The specific activity waa between 1 X 10* and 2 x 10' 
cpm/^ig DNA. The human lL-6 piobe was radiolabeled as previously 
described (Melton et aL, 1984). The probe-specific activity was greater 
than 10* cpm/Mg. These membranes were exposed to Kodak XAR-5 
film (Eastman Kodak. Rochester, NY) at -70'C. For kinetics analysis, 
scanning density was determined with Personal Densitometer (Molec- 
ular I>ynamics, Sunnyvale, CA), and values were normalized for differ- 
ences in GAPDH-scanning densities. After normalization,' the density 
of each time point was calculated by subtracting the density in control 
cells at the same time point. Percent of the maximum expression for 
each time point {% maximum expresBton) was calculated as follows: % 
maximum expression •= calculated density of each time point/peak 
density seen for that cytokine X 100. 

Nuclear run-on transcription assay . After various stimulations, 
5 to 7 X 10'' monocytes were washed with cold phosphate- buffered 
saline and with Earle's balanced salt solution (WhifcUker) and sus* 
pended with hypotonic buffer (20 mM Tris/HCl, pH 7.5, 6 mM MgClj, 
10 mM NaCI. 0.6 mM dithiothreitol, 0.3 M sucrose, 0.25% Nonidet P- 
40) on ice for 6 min. The detergent-treated monocytes were then layered 
onto an equal volume of isolation buffer (20 mM Tris/HCl, pH 7.5, 5 
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mM MgCls, 10 mM NaCl» 0^ mM dithiothreitol, 0.8 M sucrose) and 
centrifuged at 500 X jf for 10 min. The supernatant was aspirated, and 
the pelleted nuclei were gently resuspended in 125 n\ of tranaonptiott 
buffer (10% glycerol, 20 mM HEPES, pH 7.8^ 1 mM MgCtt 2 mM 
MiiCU. 142 mM KCl), 0.25 of CTP, ATP, GTP. 1.25 ;iM of 
dithiothieitol, 0.76 of spermidine, 1 m1 of RNasin (Promega Biotech, 
Madison, WI) and 100 fxCi of la-="PJUTP (Amersham) and incubated 
at 30*C for 30 min with gentle shaking. The reaction mixture was 
treated with 12.5 itg of RQl RNase-free DNase (Promega Biotech) and 
incubated at 30'C for 5 min* Proteinase K (100 Mg), 4 of 0.2 M 
EDTA, 17.6 mJ of 10% SDS and 20 /tg of yeast tRNA wore then added 
The mixture was incubated at 40'C for 45 min, extracted with phenol/ 
chloroform, precipitated in ethanol/sodium acetate and the pellet dis- 
solved and precipitatad in 10% trichloroacetic acid, 30 mM sodium 
pyrophosphate and 1 mM UtP; Filially, the mixture was precipitated 
in e^anol/sodium acetate. The nuclear ruii-on transcript was cesuS'* 
pended in 56(>>1 of hybridization buffer (60% fbrmamide, 6 x SSPE, 
(1 X SSPE 13 0.15M NaCl, 0.01 M NaHaPO^, 1 mM EDTA, pH 7.4), 5 
X Denhardt*8 .aplution, 0.1^ SE^, .200 ^g/ml of denaturad salmon 
aporm DNA) and hybridized with DNA- immobilized filters at 44*t! for 
5 dai^. The procedure allowed the incorporation of 0.1 to 0.4 X lO'* 
cpm (total) into 5 to 7 x 10' isolated nuclei. , 

DNA immobilked filtere were. prepared as follows: '20 fi^ of linear 
DNA with target sequence Waa detiatured with 0^ M NaOH for 30 min 
at room, temperature. The filters were neutralized, with. 200 #4 6f 10 x 
SSC; and the denatwed DNA solution was filtered immediately ihrough 
nytron filter mepabraiife and UY cross-lii^ed. After Wftridizatidnv the 
iilieiTB were washed three times with 0.1% SDS, 2 X SSC and 2 mM 
£DTA at joom temp^ture fbir SO mtn ax;d th^H washed tlijee. tiioiee 
with 0.1% SbS, 6.1 X 'SSG and 2 mM EDTA at SO^C for 30 jiun. TV 
fllteft were exposed at -70*C Xor 7 'to 10. .days. Scanning dqajsity was 
determined as above and valu^ were normalized for dTffer^nces in ^- 
actin scanning densities: Relative' tiranscripticxnal' activity is calculated 
as foUowa; relative transcriptional activity = density of the specific 
probe/|S-actin density on the same, filter, • 

Analysis of mRNA half-life. Elutriated normal human monocytes 
were incubated with 1.67 fi%lm\6f L-MTP-PE for 2, SS and 24 h. After 
incubation with L-MTP-PE, the monocytes w^re washed to remove 
the stimulant, and then actinomycip D (Sigma) at 10 Aig/ml in culture 
medium was added. At indicated times (0. ?A\ 60, 120 min), total RNA 
was extracted as previously described. Scanning density was deter- 
inined as described abova. 

IL-ei and IL-S protein assay. n..-6 and IL-8 proteins were meaa- 
ured by enryme-Hnked imnaunosorbent assay (T Cell Sciences, Cam- 
bridge, MA; R&D Systems, Minneapolis, MN). The cultured super- 
natants from monocytea incubated with L-MTP-PE (5 x 10* monocyte/ 
ml) were collected and centrifuged. 

Results 

Pose response of L-MTP-PE. To determine the ideal 
amount of L-MTP-pE to use in our experinients, human mono- 
cytes were first treated with different concentrations of L- 
MTP-PE (fig. 1), L-MTP-PE (16.7 and 166 ng/ml) did not 
alter IL-l/? mRNA expression compared with that of control 
cells; however, both 1;67 and 16.7 /ug/ml increased the level of 
IL-l/?mRNA at 4 h. Because 1,67 and 16.7 y^g/m\ both appeared 
to reproducably up-regulate cytokine expression, we used 1.67 
Mg/ml of L-MTP-PE in all subsequent experiments. 

Kinetics of increased <iytokine expression stimulated 
by L-MTP-PE, To determine how rapidly L-MTP-PE up- 
regulated cytokine mRNA levels, monocytes were incubated 
with L-MTP-PE for 1 to 72 h. Monocytes incubated with L- 
MTP-PE had increased levels of IL-la, IL-lft lL-6, IL-8 and 
TNFa mRNA by 2 h compared with levels in control cultures 
(fig. 2). The increased oxpression of IL-Ia, IL-l/J, IL-6 and IL- 



From (613) 952-8247 



Order # 04759631DP03899075 Wed 3un 23 15:09:03 2004 



Page 4 of 9 



1034 



L-MTP-PE 




p>actin 



PlQ. 1. Dose response of (.-MTP-PE. Human mononuclear teukooytas 
were Inoutwtad with cSfferenl ooncemratione ot U-WTP-PE for 4 h. RNA 
vva» eictnteted and analyzed Northern tslqt.usir^ a ^^abeled a.-1^ 
BT^.^-ecttn probe. • ■ 
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Flfl. 2. Expreselon of lL-1a, lHjS, "mp-a. IL-6 and IL-8 mRNA tn 
monocytes after Incubation with L-MTP-PE. Human monocytes from a 
sln^e donor were isolated by ehjtriatlon and Incubated lArtth 1 ;67 ^gfrnl 
of L-MTP-PE for 0 to 24 h. RNA was extracted and analyzed by Northern 
blot using '^P-lab^ cytokine probes (one of five experiments). 

8 persisted for up to 72 h, but TIvIF-a expression declihed mo|re 
rapidly and did not persist after 24 h. We were unable to detect 
any change In IL-2 or GM-CSP mRNA after the incubation of 
monocytes with L-MTP-PE for 1 to 72 h (data not shown). As 
compared with LPS stimulation (1 increased 
expression of each cytokine was sustained longer after L-MTP- 
PE stimulation. Exposing monocyte to LPS caused a rapid 
increase in cytokine expression after a rapid decline. Seen after 
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L-MTP-PE, the increase in mRNA expression by LPS was not 
sustained (fig. 3). Qytokine mRNA kinetics stimulated by 
MTP-PE (1.67 fig/nA) were almost thae same as kinetics by L- 
MTP-PB except early up-regukition of each cytokines mRNA 
(IL-ltt, llrlfi, TNFa, IL-6 and IL-8 mRNA were up-regulated 
by 1 b; data not shown). 

Increased levels of IL-la, ILrlfi, TNF-a, IL-6 and IL-8 
mRNA were also detected when mononuclear leukocytes, as 
opposed to purified monocytes, were incubated with L-MTP- 
PE (data not shown). We were unable to detect any change in 
cytokine mRNA expression when purified lymphocytes were 
incubated with L-MTP-PE for 1 to 72 h. An example (one of 
three repiesentative experiments) is shown in figure 4. L-MTP- 
PE also did not up-regulate lyn^hodyte IL-2 expression (data 
not shown). This was not an unexpected finding because lipo- 
somes must be i>hagocytiiced by the cell in order for the MTP- 
PE to be delivered. Lymphocytes are not phagocytic. We there- 
fore concluded that the increasie in cytokine mRNA seen in L- 
MTP-PE-treated mononuclear leukocytes was mainly second- 
ary to L-MTP-PB effect on the monocyte population. 

Effect of L*MTP-PE on c^tokiue niiiclear transciip- 
ti^oi To 4^™ine whether th^ increased levels of llr-la, 
IL-lA TNFa/IL^6 arid EL-9 mRNA were related to an increase 
in the tl^ansc^^ these genes, We compared tbeir 

trtmscriptipn rates in nuiplM isolated from L-MTP-PE-ti^ated 
TOd untreated inon^ chose nvp^fferwif inct^^ 

timesi 4 and 24 Yl As^^hown in figures 5 fmd 6^ the transcrip- 
tipnal rates of ILrlft TNFa,, IL^ and IL-d were ^a^^^ 
in monocytes incubated. with IrMTP-PB.for 4 h coinpared 
with control monocytes incubated with medium for 4 h. At 24 
h (figs. 5 and 6), the transcriptional rates of IL-l/J and IL-8 
were still increased whereas the IL-6 and TNF-a transcrip- 
tional rates were equal to those of the control monocytes. The 
transcription rate of IL-ldc was marginally elevated at both 4 
arid 24 h. We therefore concluded that the up-regulation of 
cytokine expression stimulated by L-MTP PE involved in- 
creased, transcription of these cytokuie genes and that this 
appears to be an early event. IL-IA ILr6 and Ilr8 stimulation 
is more pronounced than IL-la and TNF-of stimulation, and 
the increased transcription of IL-1«, IL-1^ and IL-^ persists 
longer than those of the other two cytokines. 

Effect of L-MTP-PE on cytokine mSNA stability. To 
determine whether the increase in cytokine naRNA accumula- 
tion B^n after L-MTP-PE stimulation was due in part to its 
effect on RNA half-life, mRNA stability assays were performed. 
Purified monocytes were incubated with L-MTP-PE for 2 and 
24 h (time when increased mRNA accumulation is evident), 
and then 10 /*g/ml actinomycin D was added. At different times 
after actinomycin* D treatment, total RNA was extracted, sub- 
mitted to Northern blot analysis and quantified by densito- 
metric scanning (fig. 7). L-MTP-PE treatment did not signifi- 
cantly modiftr the half-life of the IL-1«. IL-lft TNF-a, IL-6 
and IL-8 mRNA at 2 h; however, treatment of monocytes with 
L-MTP-PE for 24 h prolonged the half-life of each cytokine 
(fig. 7). Thus, the activity of L-MTP-PE at the 24 h time point 
may be indirect via the stabilization of the mRNA, as well as, 
direct via increased transcription. We concluded that prolonged 
L-MTP-PE incubation increased IL-1«, IL-1/5, TNFa, IL-6 
and IL-8 mRNA stability. The stability of i^-actin mRNA was 
not modified by L-MTP-PE treatment (data not shown). 
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Fig. 3* Cytokine mfHNA expression Wnet- 
(cs in rtvonocytes stimulated by L-MTP-PH 
and LPS. Human monocytes from a single 
donor, wsra incubatw* with L-MTP-PE 
(1.67 t^gfmi) or LPS (1 >*g/ml) for various 
timos. .RNA was extracted .and analyzed 
by hJorthen^ analysis as descried In fig- 
urasJ and 2. ttie density of each time 
point, was normalized by 6APDH deosity 
ahd f;ab:uli|ted by subtrSc^g lhB'.di9nsrty 
seen in control ce8s at Wie tlma p^nt 
The values ,<rf:%. maximipi. expinessfon 
were then catotilated' as described un<fer 
"MateHats and Methods'. ' 



Incubation Ume (iirs.) 



3 3 ^ 3-3 1 

Rg. 4. Expression of cytokines In fymphocytes after stimulatton with L- 
MrP-PE. Lymphocytes were isolated by elutriatlon, then incubated with 
L-MTP*PE for 8 h. RNA was extracted and analyzed by Northern blot as 
described In figure 2 {one of three experiments). 



IL-6 and IL-8 secretion from L-MTP-PE-treated 
monocytes cultured supernatant and patient plasma* We 

have previously demonstrated that L-MTP-PE stimulated 
monocytes to produce IL-lot, IL-1/3 and TNF protein (Maeda 
et aLy 1991). Because IL-6 and TL-8 mRNA expression are 



increased by L-MTP-PE, we wished to dpt^ermine whether IL- 
6 and IL-'S proteins were also produced by monocytes in re- 
sponse to L-MTP-PE, Human monocytes were therefore in- 
cubated for 1 to 72 h with L-MTP-PE. Cultured supematants 
were collected and assayed for IL-6 and IL-8 using an enzyme- 
linked immunosorbent assay. IL-6 protein was Hrat detected 
after 4 h of stimulation with L-MTP-PE, and its production 
continued to increase for up to 72 h (table 1). Elevations in IL- 
8 protein secretion were seen as early as 1 h, with a dramatic 
increase between 2 and 4 h (table 1). TNF, IL-1 and IL-6 
elevations in plasma have been demonstrated after L-MTP-PE 
infusion (Kleinerman et al., 1992a; Murray et ai, 1989). To 
determine whether lL-8 was also induced after L-MTP-PE 
therapy, we monitored plasma IL-8 levels in five cancer patients 
receiving L-MTP-PE. Increased plasma IL:8 was demonstrated 
in four of five patients 2 to 3 h after L-MTP-PE infusion (fig. 
8), 
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Fig. 5. Effect of L-MTP« on cytokine nu<^ transcription. NudeJ were 
Isolated from monocytes Incubated with jor wlttrout L-MTP-PE for 4 or 
24 h. Run-on transcription assays were peftormed as described under 
^'Materials and Methods-. 



Relative Transcriptional Activitj' at 4 hours 



TNFa 



4 hrs l!K»ii?atron wftti L-MTP-Pe 
4 hrs Incubation with CM 




Reliaitive Transcriptional Activity at 24 hours 




24 hfB incubatian with L-MTP-PE 
24 trrs Incubatfon with CM 



e 



B 



10 



FIja- 6< Summary of transcription assay. Relative transcriptional activity 
between cells incubated with L-MTP-PE vs. culture medium was calcu- 
lated by nomnalization of fi-&cx\f\ density. 



Di8cu5s!on 



The present study demonstrated that the expression of sev- 
eral cytokmes ift upregulated in htunan monocytes by L-MTP- 
PE. These cytolcines incbde ILrl«, IL-lft TNF-a, IL-6 and 
IL-8. L-MTP-PB did not up-regulate the expression of these 
cytokine genes in lymphocytes, however. The observed increase 
in IL-1, TNF-a, IL-B and IL-8 expression was not due to an 
overall activation of the monocytes, because L-MTP-PE did 
not modulate GM-CSF or IL-2 expression. Our results ftiriher 
suggest that the initial increase in each cytokine mRNA was 
due to increased transcription with no modification of the 
cytokine mRNA stability. However, at the later time points (8- 
24 h), t-MTP-PE exerted its effect J>y ihcreaising both the 
transcription and the half-life of the BpeciHc cytokine mRNA, 

We have previously dcmbnstraied. that L-MTP-PE stimu- 
lated monocjrtes to produce IL-1 and TNF proteins (Maeda et 
aLi 1991); We now extend these results to show that L-MTP- 
PE also sUmulated the production of IL-6 and IL-8 proteins. 
Because MTP-PE is a byproduct of the mycobacterium cell 
wall, it is perhaps not siizprising.that it can up-regulate IL-6 
and IL-8 expression in addition to that of 1L:1 and TNP. LPS 
has also been shc^ni to induce the expression and protein 
production of these cytokines; however, the ^oldne .inllN A 
CKspressiqtt kinetics oF L*;.MTP-PE 
was distinct fr6m those aeefi aflear LPS stimiila {fig. 3). The 
findihg: thiat L-MTP^PE maintained its stiniulatoty c^>acity is 
novel. Other investigators have demonstrated that when LPS 
was encapsulated into liposomes^ it lost Lts^ility .to induce 
protein kinase C trahslocatLon (Bakouche ef dL, 1092) and IL- 
Ip protein production (Bakouche et oL^ 1987). Encapsulation 
also prevented the interaction of the hydrophobic portion of 
the lipid A component of LPS with the specific monocyte 
plasma membrane structures involved in activation of the cell 
(bijkstra et aL\ 1987). By contrast, liposome-encapsulated 
MTP-PE was effective at stimulating both cytokine expression 
and protein production. 

Liposomes are phagocytised by human naonocytes within 30 
min. Peak uptake occurs by 1 h (Kleinerman et al, 1983b). The 
modulation of cytokine expression occurred 1 h after the peak 
iq>take timia (2 h). If we allow for degradation of the liposome 
wall and for release of MTP-PE intracellularly, the time frame 
of increased expression (1 h) is similar to that observed with 
free LPS (fig, 3) or free MTP-PE (data not shown). L-MTP- 
PE had no direct e^ect on lymphocytes, presumably because 
there was no uptake of the liposomes. However, our observation 
of enhanced IL-6 expression and the subsequent production of 
IL-6 protein may suggest that LrMTP-PB can indirectly influ- 
ence lymphocyte function when administered in vivo. ILr6 is a 
critical cytokine in the acute inflammatory ireaponse. IL-6 
stimulates B cell inaturation and proliferation, activates T-cell 
function and stimulates cytotoxic T cells (Kishimoto, 1989). 
We have demonstrated that IL-6 levels in plasma dramatically 
increase within 3 to 4 h after i.v. infusion of L-MTP-PE 
(Kleinerman et aly 1992a). Our present data suggest that this 
increase in plasma IL-6 may be secondary to L-MTP-PE ability 
to up-regulate monocyte production of IL-6. IL-6 has been 
shown to have antitumor activity in both a fibrosarcoma and a 
B16 melanoma model (Mule et al, 1992; Mullen et aL, 1992; 
Sun et aL, 1992). Tumor cells transduced with the IL-6 gene 
exhibited increased immunogenicity and decreased metastatic 
potential (Mullen et aL, 1992). Infiltration of the IL-6-tran3- 
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R3.7. Cytokine mRNA half-life In U-MTP-PE- 
stimulated monocytes. Human monocytes were 
tsofated by elutrjatlon and stimulated for the 
indicated time with t-WTF-PE (2, 8, 24 h) or 
control medium (CM. -2-h). Actlnomyc&i 0 (10 
Ag/mO was then added, arid, total RNA was 
extracted, at yarkxjs times and analyzed by 
Northern Wot. AutoTHdiography was scanned 
and ^e cytokJne leveJejtpressed hpatertage: 
100% was assigned to.tte cytokine mRNAtevel 
after the L-MTP-PE incubaitioh iand immBdiately 
before adding actinomycin O (one of three ex- 
periments). 



TABLE 1 

L-MTP^PE-lnduced U.-6 and IL*8 proteHt secretion 



Monocytes (5 x 1 0^ were incubated with 1 .67 ^g/ml of L-MTP-PE for tho indicated 
Uma. Cultured supematants were collected and assayed tor 1t-6 and fL-6 using an 
enzyme-linked Immunosorbent assay* 



tnoibatkm 

TtTB 


IL-6 


* W 


ft 


pg/mt 


ng/tnl 


0 


0 


0.85 


1 


0 


2.B 


2 


0 


60 . 


4 


47 


5200 


8 


315 


5200 


16 


1560 


4600 


24 


1625 


4400 


48 


1730 


4300 


72 


1850 


4300 



fected tumor with host inflammatory cella was described (Sun 
et oL, 1992)» Puhnonary tumors removed from osteosarcoma 
patients after L-MTP-PE therapy also demonstrated chronic 
inflammatory cell infiltration not typically observed in tumors 
removed from patients after chemotherapy or even in tumors 
from patients who have had no therapy (Kleinerman et at, 
1992b). Peripheral fibrosis around the tumor lesion was also 
observed (Kleinerman et oL, 1992b). We hypothesized that the 
fibrosis was caused by IL-1 and TNF secreted by pulmonary 
macrophages activated by L-MTP-j?E. IL-6 may also have 
contributed to the inflammatory cell infiltration seen after L- 
MTP-PE therapy. 

The production of IL-8 is also part of the inflammatory 
response. Neutrophil exposure to IL-8 results in neutrophil 
chemotaxis and degranulation (Baggiolini et oLy 1989; Van 
Damme et cL, 1988). Hence, L-MTP-PE therapy may also 
indirectly load to neutrophil activation and recruitment into 
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Rg. 8. Plasma levels of IL-6 after l.v. administration of L> 
MTP-PE. Blood samples were collected from five patients 
at various times after L-MTP-PE Infusion. Plasma was 
separated, frozen and subsequently assayed for IL-S. 



the tumor area. Although neutrophils were not observed in the 
inflammatory cell infiltration of the osteosarcoma lesions, we 
cannot exclude the possibility that the. early recruitment of 
neutrophilp into the' tumor; area contributed to the fibrosis 
formation arotind the tomor. B^bause surgery was performed 2 
to 6 weete after cessation of L-MTPrPB (Kleinerman et aL, 
1992b)r ne\rtiH>phils mky h^^ exited the pulmonary circulation 
by the time ofsurgery. . . 

Although additional m u£uo. stiidiea ore needed to determine 
whether any of'these cytokines are indeed crucial to L-MTP- 
PE meclianism of action, the observation that L-MTP-PE up- 
regulates IL-la; IL-l/S, TNF, IL-6 and IL-8 indicates that the 
agent stimulates an inflammatory response. We therefore con- 
elude that in .addition to activating macrophage-mediated tu- 
mor ceil killing, L-MTP-PE stimulates the production of in- 
flammatory cyttikines that serve to amplify the monocyte re- 
sponse by recruiting and activating other immune cells. 
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Effect of epidermal growth factor on 
ulcerative mucositis in hamsters that 
receive cancer chemotherapy 

Stephen T. Sonis. DMD, DMSi^'O Joseph W. Costa. Jr. DMD."-" Susan M. Evitts. BS' 
Loryn E. Undquist. BS." and Margery Nicolson. PhD. ? Boston. Mass,, and 
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Ulcerative mucositis is a common, bothersome, and dose-limiting complication of cancer 
chemotherapy. It has been hypothesized that mucosal susceptibility to the degenerative effects of 
stomatotoxic drugs Is related to the renewal rate of the buccal epithelium. This study was 
undertaken to evaluate the effect of epidermal growth factor, a molecule known to stimulate - 
epidermal ceU division, on the course, frequency, and healing of ulcerative mucositis in an animal 
model. Golden Syrian hamsters ware subjected to a standard mucositis-inductlon protocol with 
5-fluorouracli. Osmotic pumps were Implanted into a space between the retractor muscle and the 
platysma ceryloale muscle, and delivered epidermal growth factor or placebo at a constant rate for 7 
or 14 days Epidermal growth factor Increased oral mucosal breakdown In the face of antineoplastic 
therapy The course and extent of mucositis was influenced by the timing of epidermal growth factor 
pump placement relative to the initiation of stomatotoxic therapy. These results support the 
hypottiesis that the epithelial basal cell rate is one of the key elements in determining mucosal 
sensitivity to cancer chemotherapy. iiu^jaai 
(Oral Siirc Obal Med Orai PATiior. 1992j74:749-S5) 



' Iccrative oral mucositis is one of the most com- 
mon, bothersome, and dose-limiting complications of 
cancer chemotherapy, i-'^ Because the oral mucosa 
undergoes frequent replication, it is especially sensi- 
tive to the direct cytotoxic effects of chemothisrapy. 
Histologically, signs of orai mucosal atrophy become 
evident soon after therapy has begun. Inhibition of 
DNA replication of basal epithelial cells and cytoly- 
sis result in a thin, atrophic mucosa that is highly sus- 
ceptible to spontaneous or traumatic ulceration. It has 
been hypothesized that the rate of basal epithelial cell 
proUferation affects the susceptibility of the oral mu- 
cosa to the stomatotoxic effect of cheraotherapyJ^ ^ 
Epidermal growth factor (EGF) is a 53-amino acid 
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"^Amgcn Corp., Thousand Oaka. 
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polypeptide (mol. wt, 6000) first isolated from ex- 
tracts of mouse submaxillary glands. The molecule 
has a number of activities including the induction of 
precocious eyelid opening and incisor eruption when 
injected into newborn miceJ This response is attrib- 
uted to stimulation of epidermal growth and keratini- 
7^tion. In addition, EGF directly stimulates the pro- 
liferation of basal epithelial cells in skin organ culture 
systems.* 

Other mitogenic effects of EGF have been noted in 
vitro with a variety of cell types. In vivo studies in 
neonatal mice by Stcidler and Rcade^ suggest that 
subcutaneous injections of EGF cause an increase in 
epithelial thickness and keratinization of skin and oral 
mucosa. Recent studies have shown that EGF pro- 
motes proliferation and differentiation of the gas- 
trointestinal mucosa.^*^» ' ' 

The mechanism of action EGF exerts after it binds 
to its receptor is currently under investigation. It is 
known that the EGF receptor is a glycoprotein with 
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Fig- 1. Alzet osmotic pump filled with EGF (8.33 Mg/Ml) 
or placebo. Pump measures 3.0 cm in length and 0.7 cm in 
diameter. 



a molecular weight of 175,000. On bindings EOF is 
able to stimulate an intrinsic tyrosine kinase activity 
that autophosphorylates the receptor.'^ However, lit- 
tle is known about how the binding and autophospho- 
rylation influence transduction of a mitogenic signal 
to the nucleus so as to alter gene regulation. 

Because EOF stimulates epithelial proliferation, 
we investigated its efifect, when applied topically, on 
the frequency, course, and healing of ulcerative mu- 
cositis. We hypothesized that early exposure of the 
oral mucosa to EOF simultaneous to stomatotoxic 
cancer chemotherapy would enhance the develop- 
ment of ulcerative mucositis. We also hypothesized 
that its effect during healing might be favorable in 
reestablishing intact epithelium. 

MATERIAL AND METHODS 
Animals 

^ Male Golden Syrian hamsters, 8 to 10 weeks old, 
were obtained from Charles River Laboratories, 
Wilmington, Mass. Animals were kept five to a cage 
and provided with free access standard hamster food 
and water. 

Epidermal growth factor 

Human recombinant EGF was provided by Amgen 
Corp., Thousand Oaks, Calif., and loaded into 200 ^1 Alzet 
osmotic pumps (Alza Corp., Palo Alto, Calif.). 

Pump placement protocol 

To ensure uniform topical EGF delivery, an im- 
planted osmotic pump protocol was devised. After in- 
duction, animals were anesthesized with ethyl ether; 
sodium pentobarbital (Nembutal) (50 mg/kg) was 
administered by intraperitoneal injection. The left 
buccal pouch was everted and an incision Jiiade at the 
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Fig. 2, Alxet osmotic pump sutured in place betwccnre- 
tractor muscle and platysma cervicale muscle. Blunted 
cannula can be seen protruding through mucosa. 



most superior aspect of the pouch in the mucobuccal 
fold. With blunt dissection a space was created 
between the retractor muscle and the platysmia cervi- 
cale muscle. The pump, with a short contiguous can- 
nula, was inserted and a purse-string suture was 
placed (Figs. 1 & 2). The cannula was allowed to 
protrude through the surgical site by about 3 mm. The 
end of the cannula was blunted to prevent mucosal ir- 
ritation and dislodgement. Preliminary studies per- 
formed in our laboratory with dye-loaded pumps 
demonstrated their efficacy in delivering a uniform 
dose of material during a prolonged period. No infec- 
tion or soft tissue anomalies were associated with 
pump placement. Pumps placed for 2 weeks delivered 
EGF at the rate of 0.5 ^1/hr; 1 -week pumps delivered 
EGF at the rate of 1 .0 Ml/hr. 

Mucositis was induced in 60 hamsters by an estab- 
lished protocoL^^ Briefly, hamsters received 5-fluo- 
rouracil (5-FU) (60 mg/kg) on days 0 and 5, with su- 
perficial irritation of the buccal pouch mucosa on day 
7. Severe mucositis developed in all animals with this 
technique. Animals were randomly and equally di- 
vided into the following groups: 

Group I: On day 3 a 7-day pump containing EGF 
was implanted (8.33 fig/ijl) 

Group 2: On day 7 a 7-day pump containing EGF 
was implanted (8.33 fig/^l) 

Group 3: On day 6 a 7-day pump containing EGF 
was implanted (8.33 Mg/^O 

Group 4: On day 1 a 1 4-day pump containing EGF 
was implanted (8.33 fxg/^\) 

Group 5: On day 7 a 7-day pump containing pla- 
cebo was implanted (control for group 2) 

Group 6: On day I a 14-day pump containing pla- 
cebo was implanted (control for group 4) 

Animals were observed and weighed daily and had 
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Table K Mean mucositis score and standard deviation by day* 



Day 


Group 


I 


2 


S 


4 






10 


8.39 


4,28 


6.60 


7.11 


1.55t 


6.78 




1.25 


1.03 


1.02 


2.85 


0.52 


1.79 


n 


8.21 


3.47 


6.50 


8.32 


2.55 


8.03 




1.65 


2.43 


1.06 


1.62 


2.08 


2.09 


12 


9.39 


7.63 


7.94 


8.14 


NP 


6.94 




0.56 


1.63 


1.20 


1.27 




1.74 


13 


NP 


7.55 


9.40 


7J3 


6.17 


6,19 




NP 


1.27 


0.76 


2.48 


3.02 


2.39 


14 


9.54 


8.14 


7.60 


5.43 


6.47 


5.71 




0.90 


0.84 


2.76 


3.38 


2.63 


1 ift 

1 . f u 


15 


8.67 


8.78 


6.08 


4.13 


5!56t 


1.68 




2.10 


0,97 


0.88 


3.77 


3.02 


0.62 


16 


9.63 


6.64 


6.42 


3.46 


4.56 


0.75t 




0.53 


2.46 


0.63 


3.11 


3,34 


0.75 


17 


4.00 


5.25 


4.67 


2.00 


3.25 


0.64 




0.00 


2.90 


2.10 


3ai 


1.89 


0.67 


18 


6.00 


4.43 


5.58 


.2.45 


3.38 


1.71 




0.00 


2.69 


1.46 


1-58 


3,34 


0.89 


19 


1.75 


3.25 


3.75 


1.75 


2.06 


1.89 




0.00 


2.92 


1.89 


0.88 


1.91 


1.38 


20 


4.00 


4.13 


4.83 


1.35 


2.75 


2.00 




0.00 


3.03 


1.04 


1.28 


2.60 


1.61 



NP^ Photogmphs not svaitabte lor Ibcsc time points. 

•Mean mucositis score* for estch group on each day. Top value io each row indicates mean mucosiiut score ranging from 0 to 10. Bottom vahic represents SD 
for thai uverage score for iwfch group on each day. iN^ntmetrio statistical unalysis was performed betweea groups 2 and 5 iind groups 4 and 6 by unpaired / test, 
tStfltistically significant (p < 0.01 ). 
^Statistically significant {p <0.05). 



free access to food and water. Beginning on day 1 0 left 
buccal pouches were photographed daily with a 
Yashica Dental Eye camera (Kyocera Corp., Kyoto, 
Japan), At the conclusion of the experiment (day 20) 
the photographs were randomly numbered, mixed, 
and scored by four different observers, in blinded 
fashion, by comparing them with a standardized set 
t of photographs with mucositis scores ranging from 0 
(no. mucositis) to 10 (severe mucositis). Data were 
collected and mean daily mucositis scores were cal- 
culated for each group (Table I). Parametric statisti- 
cal analysis was performed between groups 2 and 5 
and between groups 4 and 6 with the unpaired t test. 
Mean daily mucositis scores ( ±SE) were plotted for 
all groups to analyze trends In healing by comparing 
the experimental groups with ihc control. Daily 
weights, were evaluated to assess the overall health of 
the animals throughout the experiment. A survival 
curve was plotted to determine whether any signifi- 
cant differences in unplanned mortality existed be- 
tween experimental groups and the control. 

RESULTS 

The presence of EGF significantly modified the 
frequency and course of mucositis. Hamsters that re- 



Table 11, Relationship between pump placement and 
peak mucositis score 



Day pump placed 


Peak mucositis day 


0 


11 


3 


12-13 


6 


13 


7 


14-15 



ceived EGF had more severe, prolonged mucositis 
than animals that received placebo. In addition, the 
timing of pump placement, that is, the initiation of 
EGF exposure, affected the course of mucositis. For 
example, hamsters in which 7-day EGF pumps were 
implanted 1 week after the commencement of chc^ 
motherapy (group 2) had more significant mucositis 
throughout the course of the experiment than animals 
in which 7-day placebo pumps were implanted (group 
5), except for day 1 1 (Fig. 3), Similarly, the course of 
mucositis was worse in hamsters in which 1 4-day EGF 
pumps were implanted (group 4) compared with an- 
imals with 14-day placebo pumps (group 6) (Fig. 4). 
Delivery of EGF by pumps placed on either day 3 or 
day 6 failed to alter favorably the course or severity 
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Ffg> 3. Comparison of mucositis scores for osmotic pumps containing EGF (O) or placebo (A) placed for 
7 days. EGF-fiUed pumps (group 2) were inserted on day 7, Pumps loaded with placebo (group 5) were placed 
on same day. Pumps placed in both groups operated for 7 days. 
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Fig. 4. Comparison of mucositb scores for osmotic pumps containing EGF (O) or placebo (A) placed for 
1 4 days. EGF-fiiled pumps (group 4) were inserted on day 1 . Pumps loaded with placebo (group 6) were placed 
on same day. Pumps placed in both groups operated for 14 days. 



of mucositis (Figs. 5 and 6). The earlier the pumps 
were placed, the more rapid the onset of peak 
mucositis (Table II). In addition, placement of the 
pumps early in the experimental period resulted in a 
more rapid development of mucositis than the place- 
ment of pumps 1 week after the start of chemother- 
apy. Thus animals in groups 2 and 5 had the least se- 
vere mucositis as measured on day 10, 

As expected, a direct relationship existed between 
the severity of mucositis and weight loss (Fig. 7). An- 
imals in group 6 had the least mucositis and demon- 



strated little fluctuation in weight during the experi- 
mental period. In contrast, the prolonged mucositis 
noted in animals in group I resulted in a dramatic 
weight loss during the experiment. Overall, the onset 
of weight recovery was noted in all groups at about 
day 16 to 17. 

Survival appeared to be related more to the sever- 
ity and onset of mucositis than to the presence or ab- 
sence of EGF. Nonsurgical deaths were first of 
significance on day 10 and were noted in both EGF 
and placebo groups (Fig, 8). Hamsters that had 
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and might be related to the timing of cytokine appli- 
cation relative to mucositis. Although differences in 
timing of pump placement affected peak mucositis, in 
aU cases EOF was initiated before optimum mucosal 
breakdown. Had the application of EOF been delayed 
untU after the stomatotoxic effects had resolved 
probably after day 10, it is possible that it might have 
resulted in a favorable effect on ulcer resolution 

These rwults also suggest that an effective ap- 
proach to the prevention of mucositis might be ther- 
apy aimed at inhibiting or reducing the rate of 
mucosal proliferation. We have initiated studies to 
evaluate thi.s tactic further. 
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